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Background: The relationship between smoking and mortality in elderly people, especially in women, is
unclear. The present paper examines the association between smoking and the risk of mortality due to all
causes of death with a special focus on cardiovascular disease in elderly Korean men and women.
Methods: This study followed a cohort of 2201 residents (934 males and 1267 females) in Kangwha
county who were  65 years of age. All patients were followed from March 1994 through December 31,
2005 (11.8 years) in order to determine cause-speciﬁc mortality. We calculated the hazard ratio of
mortality according to smoking status using the Cox proportional hazard model.
Results: During the 11.8 years of the study duration, 529 men and 498 women died. Current female
smokers also demonstrated higher levels of cognitive impairment than nonsmokers. Current female
smokers demonstrated signiﬁcantly increased risks of mortality from deaths due to all causes and total
cardiovascular disease in comparison with female nonsmokers. The hazard ratio (95% conﬁdence
interval) of mortality was 1.32 (1.05e1.66) for all causes and 1.76 (1.10e2.82) for total cardiovascular
disease. Current male smokers also demonstrated an increased risk of mortality due to all causes in
comparison with male nonsmokers, but this outcome was not statistically signiﬁcant.
Conclusion: The results of this study suggest that smoking has a harmful effect on the risk of mortality
due to cardiovascular diseases in elderly Korean women. However, these ﬁndings need to be conﬁrmed
by further studies.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Tobacco smoking has been well established as a causal risk
factor for multiple diseases1. In 2000, the prevalence of smoking in
Korea was 68% among men and 3% among women2, but the male
smoking rate had decreased to 40.9% by 20083. A comparison of the
rates of male smokers who are  15 years old in Organization for
Economic Cooperation and Development (OECD) countries in 2005
revealed that the South Korea’s smoking rate was 17.8% higher than
the OECD average4.t all my afﬁliations with or
and foreseeable future, any
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iwan Society of Geriatric EmergenMany prospective studies have shown that a signiﬁcant portion
of the all-cause mortality, including lung cancer and cardiovascular
disease (CVD), is caused by cigarette smoking5,6. Some studies have
reported that cigarette smoking is associated with all-cause
mortality in elderly people7e9. Other Western studies have repor-
ted a lower risk of mortality from smoking in older persons than
those who are middle-aged10. However, prospective studies on
smoking and mortality in elderly people, especially women, are
sparse. The purpose of this study was to examine the effect of
smoking on all-cause mortality risk over an 11.8-year period, after
controlling for the effects of confounding factors, using a large
sample of elderly Korean patients who were residing in a commu-
nity for persons  65 years of age.
2. Methods
2.1. Study population
The primary survey of the Kangwha cohort was conducted in
March 198511,12. Kangwha county consists of several islands locatedcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Baseline characteristics of Koreanwomen in the Kangwha cohort study, according to
smoking status.
Characteristics Female participants (n¼ 1267) F or c2
value
Nonsmokers
(n¼ 1037)
Ex-smokers
(n¼ 31)
Current smokers
(n¼¼ 199)
Mean SD Mean SD Mean SD
Age (y) 73.2 6.1 75.3 7.2 75.3 6.1 11.2**
BMI 22.6 3.6 22.1 4.2 21.4 3.7 10.6**
n (%) n (%) n (%)
Chronic diseasea 1.48
Never 626 (60.4) 16 (51.6) 125 (62.8)
Yes 411 (39.6) 15 (48.4) 74 (37.2)
Education 4.49
None 799 (77.0) 27 (87.1) 158 (79.4)
Elementary 228 (22.0) 3 (9.7) 39 (19.6)
High 10 (1.0) 1 (3.2) 2 (1.0)
Alcohol consumption 66.2**
Nondrinkers 972 (93.7) 25 (80.7) 151 (75.9)
Drinkers 65 (6.3) 6 (19.3) 48 (24.1)
Cognitive impairment 13.4**
Normal ( 15) 768 (74.1) 14 (45.2) 140 (70.4)
Impaired (<15) 269 (25.9) 17 (54.8) 59 (29.7)
** p < 0.01.
a Study participants were asked to answer yes or no to the following question:
“Do you have any chronic diseases, or a previous accident or injury, that makes it
uncomfortable for you during your daily life, including work?”.
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in 199312. The number of Kangwha county residents that were 55
years of age in February 1985 was 9378. Among these, 67.9% (6373
residents) participated in the primary survey. In March 1994,
a secondary survey, including interviews for the Mini-Mental State
Examination (MMSE), was carried out. The present study used the
data obtained from the secondary survey of the Kangwha cohort. In
the 9-year follow-up period from March 1985 to March 1994, 2797
of the 6373 participants died. Therefore, 3576 participants were
available for the secondary survey that was conducted in March
1994. Of these 3576 individuals, those who were not followed after
the initial survey (n¼ 83) and those who had no information
available on smoking (n¼ 223) or alcohol consumption, body mass
index (BMI), MMSE, or chronic disease (n¼ 1069) were excluded.
Thus, the ﬁnal study population included 2201 individuals (934
males and 1267 females). They were followed to determine the
causes of mortality for a maximum of 11.8 years until December 31,
2005. The institutional review board of human research at Yonsei
University approved this study (approval no. 4-2007-0182).
2.2. Baseline data collection
The investigative team interviewed each patient using a struc-
tured questionnaire to determine the following demographic
characteristics: age, sex, education, health behaviors (smoking and
drinking), and other factors. Cognitive function was measured
using MMSE13. The MMSE test was classiﬁed according to the
following items: orientation to time, orientation to place, repetition
and registration, attention and calculation, recall, naming, repeti-
tion, comprehension, reading, writing, and drawing. The MMSE
scores ranged from 0e30. Cut-off points deﬁned in previous studies
were used to categorize the MMSE scores14,15. Cognitive impair-
ment was deﬁned as an MMSE score < 15. To assess any chronic
conditions, the study participants were asked to answer yes or no to
the following question: “Do you have any chronic diseases, or
a previous accident or injury, that makes it uncomfortable for you
during your daily life, including work?” BMI was calculated as the
ratio of body weight (kg) to height (in meters squared).
2.3. Outcome assessment
The main outcomes of this research are cause-speciﬁc deaths.
Data on deaths and their causes from March 1, 1994 through
December 31, 2005 were obtained from the Statistics on the Causes
of Death of Korea that are maintained by the Korea National
Statistical Ofﬁce, Daejeon, Korea. The International Classiﬁcation of
Diseases 10th Revision (ICD-10) from the Ministry of Health and
Welfare in Korea was applied to deﬁne the causes of death.
2.4. Statistical analysis
We used the Cox proportional hazard model to examine the
relationship between smoking status at baseline and the subse-
quent risk of total mortality. The analyses were stratiﬁed according
to sex. To adjust for confounding variables, we used two models:
model I was only adjusted for age (as a continuous variable), and
model II was adjusted according to the history of chronic disease,
alcohol consumption (nondrinkers/drinkers), BMI (as a continuous
variable), cognitive impairments (normal/impaired), and educa-
tional status (no education/elementary education/highly
educated). The results are expressed using hazard ratios (HRs) and
95% conﬁdence intervals (CIs). A signiﬁcance level of p < 0.05 was
used to indicate the statistical signiﬁcance for each test. Analyses
were performed using SAS for Windows (version 9.1) (SAS Institute
Inc., Cary, NC, USA).3. Results
The sociodemographic characteristics of the smokers and
nonsmokers are shown in Table 1 and Table 2, respectively.
Nonsmokers were more obese than smokers in both Korean men
and women. Smokers were older than nonsmokers in women.
Alcohol consumption was associated with smoking in both men
and women. Current female smokers also had a higher rate of
cognitive impairment than nonsmokers.
During the 11.8 years of follow-up, 529 men and 498 women
died. Table 3 shows the HRs of mortality from all causes and cause-
speciﬁc diseases among Korean women. Compared with female
nonsmokers, current female smokers demonstrated signiﬁcantly
increased risks of mortality from deaths due to all causes and total
CVD. The HR (95% CI) of mortality was 1.32 (1.05e1.66) for all causes
and 1.76 (1.10e2.82) for CVD.
Table 4 provides the HRs of mortality from all causes and cause-
speciﬁc diseases among Koreanmen.Male smokers were compared
with nonsmokers. The HR for mortality due to smoking was not
statistically signiﬁcant in all categories. The HR (95% CI) of mortality
was 1.09 (0.87e1.36) for all causes and 1.19 (0.71e2.01) for total
CVD, respectively. In males, we further divided current smokers
into two groups: those who smoked 1e19 cigarettes/day and those
who smoked  20 cigarettes/day. Compared with nonsmokers,
current smokers who consumed  20 cigarettes/day were at
increased risk of all-cause mortality. The association was margin-
ally signiﬁcant, demonstrating an HR (95% CI) of 1.34 (0.99e1.81)
(data now shown).4. Discussion
In this study, we analyzed smoking and mortality in the Kang-
wha cohort that was established in 1994 as a way to evaluate the
health of people  65 years of age. We found that smoking is
associated with the risks of mortality due to death from all causes
and CVD in elderly Korean women, even after controlling for the
confounding effects of other potential risk factors such as age, BMI,
education, alcohol consumption, cognitive impairment, and history
of chronic disease. A study conducted in Hong Kong showed that
Table 4
Number of deaths and adjusted hazard ratios of Korean men according to smoking
status.
Cause of death Male participants (n¼ 934)
Nonsmokers
(n¼ 226)
Ex-smokers
(n¼ 171)
Current smokers
(n¼ 537)
All cause
No. of deaths 119 100 310
HR (95% CI)a 1.00 1.20 (0.92e1.57) 1.21 (0.98e1.49)
HR (95% CI)b 1.00 1.13 (0.87e1.48) 1.09 (0.87e1.36)
Cardiovascular disease
No. of deaths 23 15 52
HR (95% CI)a 1.00 0.94 (0.49e1.80) 1.06 (0.65e1.73)
HR (95% CI)b 1.00 0.97 (0.50e1.86) 1.19 (0.71e2.01)
Cancer
No. of deaths 25 17 71
HR (95% CI)a 1.00 1.01 (0.52e1.77) 1.25 (0.79e1.97)
HR (95% CI)b 1.00 0.91 (0.49e1.70) 1.14 (0.71e1.85)
HR, hazard ratio; CI, conﬁdence interval.
a Adjusted for age (year of recruitment) using the Cox proportional hazard model.
b Adjusted for age (year of recruitment), history of chronic disease, alcohol
consumption, body mass index, cognitive impairment, and education status using
the Cox proportional hazard model.
Table 2
Baseline characteristics of Korean men in the Kangwha cohort study, according to
smoking status.
Characteristics Male participants (n ¼ 934) F or c2
value
Nonsmokers
(n¼ 226)
Ex-smokers
(n¼ 171)
Current smokers
(n¼ 537)
Mean SD Mean SD Mean SD
Age (y) 73.7 5.6 73.1 5.4 73.3 5.4 0.71
BMI 22.1 3.1 21.8 3.3 20.7 2.7 24.1**
n (%) n (%) n (%)
Chronic diseasea 2.98
Never 143 (63.3) 98 (57.3) 347 (64.6)
Yes 83 (36.7) 73 (42.7) 190 (35.4)
Education 2.39
None 68 (30.1) 58 (33.9) 181 (33.7)
Elementary 137 (60.6) 97 (56.7) 318 (59.2)
High 21 (9.3) 16 (9.4) 38 (7.1)
Alcohol consumption 43.7**
Nondrinkers 134 (59.3) 80 (46.8) 182 (33.9)
Drinkers 92 (40.7) 91 (53.2) 355 (66.1)
Cognitive impairment 0.63
Normal ( 15) 210 (92.9) 161 (94.2) 496 (92.4)
Impairment (< 15) 16 (7.1) 10 (5.9) 41 (7.6)
** p < 0.01.
a Study participants were asked to answer yes or no to the following question:
“Do you have any chronic diseases, or a previous accident or injury, that makes it
uncomfortable for you during your daily life, including work?”.
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including both elderly male and female Chinese smokers8. Another
recent study reported that habitual smoking contributes to higher
mortality, even in an elderly Japanese population16. Several other
studies that were conducted in Western countries also reported
that smoking, even in elderly patients, is associated with all-cause
mortality9,10.
In the present study, current smoking was associated with
deaths due to cardiovascular disease in the female participants. It
has been reported that habitual smoking is the single biggest risk
factor associated with the development of CVD in females7,16,17.
A Japanese study also reported that smoking in 80-year-old Japa-
nese patients is more strongly associated with the risk of devel-
oping CVD in females than males16. Pope et al also suggested that
the toxic effects of smoking on the coronary artery may be more
evident in females than in males18.
The relationship between smoking and cognitive impairment is
still unclear. Some studies have suggested that smoking might beTable 3
Number of deaths and adjusted hazard ratios of Korean women according to
smoking status.
Cause of death Female participants (n¼ 1267)
Nonsmokers
(n¼ 1037)
Ex-smokers
(n¼ 31)
Current smokers
(n¼ 199)
All cause
No. of deaths 381 15 102
HR (95% CI)a 1.00 1.24 (0.74e2.01) 1.25 (1.00e1.56)
HR (95% CI)b 1.00 1.24 (0.74e2.09) 1.32 (1.05e1.66)
Cardiovascular disease
No. of deaths 81 0 25
HR (95% CI)a 1.00 d 1.58 (1.01e2.49)
HR (95% CI)b 1.00 d 1.76 (1.10e2.82)
Cancer
No. of deaths 38 2 12
HR (95% CI)a 1.00 2.10 (0.51e8.72) 1.98 (1.03e3.83)
HR (95% CI)b 1.00 2.23 (0.53e9.37) 1.77 (0.89e3.55)
HR, hazard ratio; CI, conﬁdence interval.
a Adjusted for age (year of recruitment) using the Cox proportional hazard model.
b Adjusted for age (year of recruitment), history of chronic disease, alcohol
consumption, body mass index, cognitive impairment, and education status using
the Cox proportional hazard model.a risk factor for the development of dementia19,20. Several other
studies have suggested that smoking improves cognitive perfor-
mance21. In the present study, smoking was associated with
cognitive impairment in women.
The probable mechanisms for the association between smoking
and mortality are well known. Cigarette smoke contains a large
amount of free radicals, resulting in endothelial injury. Oxidative
stress can damage many cellular components, including DNA, lipid
membranes, and proteins, and may lead to apoptosis and cell
damage22. On the other hand, nicotine, which is a major component
of cigarette smoke, promotes inﬂammation and has a direct effect
on human adipose tissue23.
Our study has many notable strengths. The prospective study
design minimized recall bias. The follow-up period (11.8 years) was
relatively long compared with other studies on elderly patients.
Several potential limitations, however, should be noted. First, data
on smoking variables were collected through a questionnaire ﬁlled
out by the participants in the Kangwha cohort  65 years of age.
Some could question the validity of this approach. However, when
a Korean study collected data on the smoking habits of elderly
participants using a questionnaire in 1998, its reliability and val-
idity were evaluated as being high24. Second, some of the sample
sizes were small with a limited number of cases. Analyses of former
female smokers and male nonsmokers may have limited statistical
power due to the insufﬁcient number of cases. Third, selection bias
is often an issue in studies on the smoking habits of elderly people.
However, when participants who died during the ﬁrst 2 years of the
follow-up periodwere excluded from the analysis, the results of the
analysis were not different.
In conclusion, when the mortality risk of smokers was
compared with that of nonsmokers, the mortality risk from total
cardiovascular disease was high in current female smokers.
However, because the study population consisted of people  65
years of age who were living in an agricultural community with
a small population of female smokers, further studies are needed to
truly understand the risks of smoking in the entire population.
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